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ABSTRACT  JLooseness, faults are widely present in mechanical equipment, and the diagnosis of looseness faults under
variable speed/conditionssstill poses certain challenges. To achieve looseness fault diagnosis under variable speed operating
conditions and {ackle this challenge, a time-frequency modal decomposition method is proposed in this paper. To
enhance the adaptability of this method for different operating conditions, the parameter window width is optimized
and selected, thus obtaining adaptive time-frequency modal decomposition. Experimental validations are conducted on
both bearing seat looseness faults and rotating component looseness faults. In the bearing seat looseness fault experiment, a
comprehensive analysis of time-domain waveforms, time-frequency plots, and the output of adaptive time-frequency modal
decomposition successfully achieves accurate diagnosis of the looseness fault. In the rotating component looseness fault

experiment, effective diagnosis of the rotating component looseness fault is achieved through the processing of variable
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speed bearing vibration signals. Based on the proposed method, the fault features in the experimental signals were effectively
extracted. In the experiment on bearing seat looseness faults, a comprehensive analysis of time-domain waveforms, time-
frequency plots, and the output of adaptive time-frequency modal decomposition allowed us to successfully capture the
characteristic information related to the looseness fault. Experimental results verified the effectiveness of the method,
looseness faults caused by bearing seat looseness, and rotating parts looseness faults were both diagnosed by the proposed
adaptive time-frequency modal decomposition algorithm. The experimental results show that the proposed method can
achieve modal decomposition of non-stationary signals and has effective diagnostic capabilities for looseness faults. Overall,
this research demonstrates the effectiveness of the adaptive time-frequency modal decomposition method in diagnosing
looseness faults under variable speeds and strong noise backgrounds. The method is not only applicable to different types of
looseness faults but also exhibits adaptability by optimizing parameters under varying noise intensities. It should be pointed
out that during the use of this method, it needs to be based on the instantaneous speed information ef the device, which may
to some extent limit the applicability of this method. However, in practical engineering, the, téehmieal difficulty of speed
measurement is relatively low, and many existing large-scale equipment is equipped with 8pe€d ‘mfeasurement devices,
providing a hardware foundation for the application of this method. It can be seen that th¢ aboye technical limitations can be
easily resolved. The theoretical analysis and experimental verification of this articletindicate that this innovative approach
expands the application potential in the field of signal decomposition, providing a pewerful tool for the health monitoring of
mechanical equipment.
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Table 1 Statistical result of PEVO in looseness faults by TFMD

M5 0.5X 11X 1.5%
1 0.092499 0.0933931 0.183413
2 0.103231 0.0976907 0.186211
3 0.093840 0.1139052 0.167082
4 0.116481 0.0933782 0.174618
5 0.105514 0.0814482 0.189346
6 0.113997 0.0907716 0.198186
7 0.130626 0.0760067 0.189975
8 0.115979 0.1014092 0.171659
9 0.124945 0.0942314 0.168231
10 0.109956 0.1067112 0.194692
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Fig.11 Statistical result of PEVO by TFMD in certain engineering equipment looseness faults diagnosis under operating

condition 1. (a) Line graph of PEVO data fs¢m 10 experiments; (b) box plot of PEVO data from 10 experiments.
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